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ABSTRACT 

^This  report  is  based  on  the  findings  of  a  Phase  I 
inspection  of  Crystal  Lake  Dam  in  Hardeman  County.  The 
zoned  earthfill  embankment  is  27  feet  high  and  410  feet 
long  with  a  crest  width  of  13  feet.  The  embankment 
slopes  are  1V:4.3H  upstream  and  1V:3.1H  downstream. 

The  dam  impounds  63  acre-feet  at  normal  pool  level  with 
36  acre-feet  of  flood  storage^  The  drainage  area  is 
21  acres.  The  service  spillway  is  a  cast  in  place 
concrete  riser  leading  to  a  12  inch  concrete  pipe.  The 
drawdown  drain  is  a  1 2  inch  slide  gate  at  the  base  of  the 
riser.  The  emergency  spillway  is  a  triangular  earth 
channel  with  a  maicimum  depth  of  0.6  feet  and  a  top  width 
of  15  feet.  -4The  dam  is  in  the  small  size,  high  hazard 
potential  category.  Erosion  on  the  downstream  slope  of 
the  embankment  and  in  the  emergency  spillway  is  becoming 
severe.  Some  indications  of  dispersive  soils  were  noted. 
The  reservoir  has  sufficient  storage/spillway  capacity  to 
pass  the  h  PMF  but  the  PMF  overtops  the  dam  by  0.1  feet 
for  24  hours.  Crystal  Lake  Dam  has  been  assigned  a 
condition  classification  of  *def icient*’.  ^ - — - - 


PHASE  I  INSPECTION  REPORT 
NATIONAL,  DAM  SAFETY  PROGRAM 
CRYSTAL  LAKE  DAM 
HARDEMAN  COUNTY,  TENNESSEE 


SECTION  1  ~  GENERAL 

1.1  Authority  -  The  Phase  I  inspection  of  this  dam 
was  carried  out  under  the  authority  of  Tennessee 
Code  Annotated,  Sections  70-2501  to  70-2530,  The 
Safe  Dams  Act  of  1973,  and  in  cooperation  with 
the  U.  S.  Army  corps  of  Engineers  under  the 
authority  of  Public  Law  92-367,  The  National  Dam 
Inspection  Act. 

1.2  Purpose  and  Scope  -  The  purpose  of  a  Phase  I 
investigation  is  to  develop  an  engineering 
assessment  of  the  general  condition  of  a  dam  with 
respect  to  safety  and  stability.  This  is  accom¬ 
plished  by  conducting  a  visual  inspection; 
reviewing  any  available  design  and  construction 
data;  and  performing  appropriate  hydraulic, 
hydrologic,  and  other  analyses.  A  comprehensive 
description  of  the  Phase  I  investigation  program 
is  given  in  Recommended  Guidelines  for  Safety 
Inspection  of  Dams,  Department  of  the  Army,  Chief 
of  Engineers,  Washington,  D.  C.  20314. 

1.3  Past  Inspections  -  Past  inspections  of  Crystal 
Lake  Dam  include  a  cursory  inspection  by  George 
Moore  and  Troy  Wedekind  of  the  Tennessee  Division 
of  Water  Resources  on  February  14,  1979.  The 
formation  of  jug  holes  indicative  of  dispersive 
soils  was  observed  during  this  inspection.  Also 
noted  were  the  wet  area  on  the  right  downstream 
embankment  abutment  contact  and  erosion  of  the 
emergency  spillway.  Several  inspections  were  made 
during  the  construction  of  the  dam  by  Ed  O'Neill 
also  of  the  Tennessee  Division  of  Water  Resources. 

1 • 4  Miscellaneous  Details  -  The  day  of  the  inspection 
was  clear  with  light  breezes  and  an  ambient 
temperature  of  about  45°F.  A  rainfall  had 
occurred  on  February  20,  1981,  three  days  before 
the  inspection. 
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1.5  Inspection  Team  Members  -  The  inspection  was 
conducted  by  the  following  State  personnel: 

Ed  O'Neill,  Chief  Engineer 
George  Moore,  Regional  Engineer 
Anthony  Privett,  Engineering  Co-op 


SECTION  2  -  PROJECT  DESCRIPTION 

2.1  Location  -  The\ project  is  located  in  Hardeman 
County,  Tennessee,  about  4  miles  east  of  Saulsbury, 
Tennessee.  The  dam  is  located  on  the  Saulsbury 
topographic  quadrangle  at  89°01*29"  west  longitude 
and  35  02*39”  north  latitude.  Location  maps  are 
provided  in  Appendix  B  of  this  report.  The  dam 

is  located  near  an  unnamed  tributary  of  the  east 
fork  of  Spring  Creek  about  21 # 6  miles  from  its 
confluence  with  the  Hatchie  River. 

2 . 2  Description 


2.2.1  Embankment  (Design  data  is  shown  in 

parenthesis.)  -  The  Crystal  Lake  Dam  is  a  zoned 
earth  embankment  dam  with  a  straight  alignment.  The 
maximum  height  is  26.9*  (27*)  and  the  length 

is  410*  (400*).  The  crest  width  is  13*  (12'). 

The  upstream  slope  is  about  1V:4.3H  (IV: 3H)  from 
the  water  surface  to  the  top  of  the  dam.  The 
downstream  slope  is  1V:3.1H  (1V:3H).  The  dam  has 
a  poor  cover  of  sage  grass  and  no  upstream  wave 
protection.  Sketches  are  provided  in  Appendix  B. 

The  embankment  is  designed  with  an  impervious  core 
and  cutoff  trench  constructed  of  material  in  group 
CL  in  the  Unified  Classification  System.  The  core 
has  side  slopes  of  1V:0.5H.  The  cutoff  trench 
has  a  10  foot  wide  base  and  1V:2H  side  slopes  and 
a  minimum  bottom  elevation  of  about  486*  msl.  The 
upstream  zone  and  the  inner  zone  downstream  of  the 
core  are  specified  as  "random  fill"  with  no  other 
material  classifications.  The  outer  portion  of 
the  downstream  zone  is  constructed  of  SP  and  SC 
material. 

2.2.2  Service  Spillway/Drawdown  Drain  -  The 
service  spillway  is  a  2V  x  4*  concrete  riser 
with  two  1*  x  4*  inlets  at  the  water  surface  and 
a  12"  concrete  conduit  through  the  dam.  The 
inlet  elevation  is  524.0*  msl.  The  drawdown  drain 
is  a  12"  slide  gate  at  the  base  of  the  riser. 

2.2.3  Emergency  Spillway  -  The  emergency  spillway 
is  an  uncontrolled  earth  saddle  located  on  the 
north  abutment  of  the  dam.  The  spillway  is 
triangular  in  shape  with  a  maximum  depth  of  0.6 
feet  and  a  top  width  at  the  low  point  of  the  dam 

of  15  feet.  The  maximum  outflow  is  estimated  to  be 
37  cfs.  The  emergency  spillway  has  no  vegetative 
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cover.  The  design  plans  call  for  a  trapezoidal 
channel  with  a  base  width  of  10'  and  IV: 3H 
side  slopes. 

2.2.4  Reservoir  and  Drainage  Area  -  The  reservoir 
has  a  surface  area  of  6.3  acres  at  normal  pool 
elevation  with  a  fetch  of  800’.  The  normal 
impounding  capacity  of  the  reservoir  is  estimated 
to  be  63  acre-feet  with  about  36  acre-feet  of 
flood  storage.  The  drainage  area  is  20.8  acres 
and  the  predominant  soils  are  Ruston,  Lexington, 

and  Providence.  Watershed  land  use  is  being  developed 
as  a  medium  density  residential  development. 

2.2.5  Miscellaneous  -  The  dam  is  currently  owned 
by  the  Candlewood  Lakes  Property  Owner's  Asso¬ 
ciation  i~W.  J.  Arnold,  President).  The  dam  was 
built  in  1976  as  a  recreational  lake  for  the 
Candlewood  Subdivision  being  developed  by  Terra 
Aqua  Corporation.  The  darn  was  designed  by  Ragon 
Engineering  Company  with  soils  testing  subcontracted 
to  Construction  Materials  Lab,  Inc.  The 
construction  was  performed  by  S  &  W  Construction 
Company.  Other  than  filling  in  erosion  gullies, 

no  major  repairs  have  been  reported  since 
construction.  A  Certificate  of  operation  was 
issued  by  the  State  in  1977.  Ownership  of  the  dam 
was  turned  over  to  the  Homeowner's  Association 
in  1979.  No  instrumentation  was  found  on  the  dam. 
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SECTION  3  -  INSPECTION  FINDINGS 


3* 1  Specific  Findings 

3.1.1  The  downstream  slope  is  eroding  in  a  manner 
which  is  indicative  of  dispersive  clays.  A  past 
inspection  report  (Appendix  F)  shows  that  jug 
holes  have  occurred  before  and  have  been  repaired. 

\  The  problem  is  now  recurring  (photo  nos.  7  &  8) . 

3.1.2  A  seep  or  spring  is  emerging  on  the  right 
downstream  embankment  abutment  contact  about  one 
foot  below  the  pool  elevation  the  day  of  the 
inspection.  A  slight  flow  (less  than  1  gpm)  is 
coming  from  the  seep,  but  there  is  no  indication 
of  the  transport  of  embankment  material.  The  flow 
is  beginning  to  erode  a  gully  along  the  right 
downstream  embankment  abutment  contact  (photo  nos. 

9  &  10)  . 

3.1.3  The  emergency  spillway  is  undergoing  an 
excessive  amount  of  erosion.  Material  washed 

from  the  side  slopes  has  filled  the  control  section 
to  the  point  that  the  effective  depth  of  the  oihannel 
is  only  0.6*.  Gullies  have  formed  in  both  the 
entrance  and  exit  channels  (photo  nos.  11  &  12). 

3.1.4  The  upstream  slope  of  the  dam  has  no  wave 
protection  other  than  vegetative  cover  and  some 
minor  erosion  is  occurring  at  the  water  surface 
(photo  no.  2) . 

3.1.5  According  to  OCE  guidelines,  the  dam  is  in 
the  small  size  and  high  hazard  potential  classi¬ 
fications.  As  such,  the  structure  is  required  to 
pass  the  one-half  to  full  probable  maximum  flood 
(PMF) .  The  volume  of  inflow  during  the  PMF  is 

47.6  acre-feet  using  Antecedent  Moisture  Condition  II. 
Analysis  indicates  that  the  PMF  will  overtop  the 

dam  for  about  2.4  hours  with  a  maximum  depth  of 
about  0.1  feet.  The  \  PMF  passes  with  no  flow  in 
the  emergency  spillway.  Analysis  of  the  1-10  day 
100-year  storm  indicates  that  this  storm  will  pass 
with  no  flow  in  the  emergency  spillway. 

3.1.6  A  sample  of  the  embankment  material  is  a 
silty  sandy  clay  of  group  CL  in  the  Unified 
Classification  System.  The  sample  is  a  shallow 
depth  (0.5  to  2.0  feet)  hand  auger  sample  taken 
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near  the  crest  and  is  not  necessarily  indicative 
of  the  overall  composition  of  the  dam. 

3.1.7  The  dam  is  located  in  seismic  zone  2. 

3.1.8  This  dam  is  in  the  high  hazard  potential 
classification  as  outlined  in  the  OCE  guide¬ 
lines.  Failure  of  the  dam  could  cause  loss  of 
life  in  the  residential  subdivision  being 
developed  downstream  of  the  dam.  A  railroad  and 
Hwy  57  which  are  about  0.5  miles  downstream 
could  also  be  damaged. 

3.1.9  A  6-8"  vertical  drop  was  found  near  the 
toe  of  the  embankment  above  the  service  spillway 
pipe.  The  drop  appears  to  be  a  mechanical  cut 
possibly  due  to  the  use  of  earthmoving  equipment 
near  the  toe. 

3.1.10  Design  plans  and  specifications  for  this 
project  were  developed  by  James  Ragon  of  Bolivar, 
Tennessee.  Copies  of  the  plans,  the  soils  test, 
and  the  hydrologic  calculations  have  been  included 
in  Appendix  G.  Except  for  the  emergency  spillway, 
the  dam  appears  to  be  in  substantial  compliance 

of  the  emergency  spillway  and  the  deposition  of 
material  in  the  base  of  the  channel  appear  to  be 
the  cause  of  the  descrepancies  between  the  designed 
and  actual  spillway.  A  freeboard  designed  storm 
of  0.8  PMF  was  used . 

3 . 2  Conclusions  and  Recommendations 

3.2.1  Conclusions 

a.  The  Crystal  Lake  Dam  was  determined  to  be 
in  a  deficient  condition  due  to  the  suspected 
presence  of  dispersive  soils  on  the  downstream 
slope  and  the  deteriorated  condition  of  the 
emergency  spillway. 

b.  The  structure  appears  to  be  adequate  with 
respect  to  hydraulic  and  hydrologic  considerations. 

c.  There  were  no  observable  signs  of  instability 
on  the  embankment.  Side  slopes  appear  adequate. 
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d.  The  seismic  stability  of  this  dam  is 
unknown?  however,  dams  in  seismic  zone  2 
are  assumed  to  be  adequate  against  seismic 
loading  if  judged  adequate  in  static  stability 
requirements. 

e*  The  seep  or  spring  on  the  dam  appears  to  be 
groundwater  and  does  not  appear  to  present  any 
immediate  hazard  to  the  structure. 

3.2.2  Recommendations 

a.  The  downstream  slope  should  be  checked  by  a 
qualified  engineer  to  determine  if  dispersive 
clays  are  present  in  the  embankment  and  make 
recommendations  if  necessary  to  repair  and 
stabilize  the  slopes  against  further  erosion 
and  jugging. 

b.  The  emergency  spillway  should  be  regraded 
to  the  design  configuration  and  a  soil  binding 
grass  cover  established  to  stabilize  the  channel. 

c.  The  erosion  on  the  upstream  slope  should  be 
repaired  and  stabilized. 

d.  Minor  surface  irregularities  on  the  embankment 
should  be  repaired  and  the  grass  cover  should 

be  improved. 

e.  An  emergency  action  plan  should  be  developed 
for  notifying  downstream  residents  in  the  event 
potentially  serious  situations  arise. 

f.  A  program  of  routine  maintenance  and  periodic 
inspection  should  be  developed  for  the  dam. 
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SECTION  4  REVIEW  BOARD  FINDINGS 


The  Interagency  Review  Board  for  the  National  Program 
of  Inspection  of  Non  -  Federal  Dams  met  in  Nashville 
on  18  June  1981  to  examine  the  technical  data 
contained  in  the  Phase  I  investigation  report  for 
Crystal  Lake  Dam.  The  Review  Board  considered  the 
information  and  recommended  that  (1)  the  owner  should 
establish  a  regular  program  of  inspection  and  mainte¬ 
nance  to  provide  detection  and  timely  correction  of 
problem  areas.  (2)  an  emergency  action  plan  should  be 
developed,  including  a  warning  system  to  alert  down¬ 
stream  residents,  in  the  event  a  serious  condition 
develops  with  the  project,  and  (3)  flood  routings 
using  Antecedent  Moisture  Condition  III  should  also  be 
computed  and  included  in  the  report.  They  agreed  with 
other  report  conclusions  and  reconmendations .  A  copy 
of  the  letter  report  presented  by  the  Review  Board  is 
included  in  Appendix  F, 
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APPENDIX  A 


DATA  SUMMARY 


APPENDIX  A 
DATA  SUMMARY 


A. 1  Dam 

A* 1.1  Type  -  Zoned  earthfill,  linear  alignment 
dam  with  a  concrete  pipe  service  spillway  and 
drawdown  drain  and  a  vegetated  earth  emergency 
spillway. 


A. 1.2  Dimensions  and  Elevations  -  (Elevations 
are  taken  from  design  plans.  Field  measurements 
are  shown  in  parenthesis  if  different  from 
design  plans.  A  TBM,  elevation  539.3,  in  oak 
tree  on  left  abutment  was  used  for  field 
measurements.  This  marker  was  reportedly  used 
for  construction. ) 


a.  Crest  length  -  400*  (410* ) 

b.  Crest  width  -  12*  (13") 

c.  Height  (from  service  spillway  outlet)  -  27*  (26.9*) 

d.  Crest  elevation  -  530'  msl  (529. 81) 

e.  Service  spillway  elevation  -  524*  msl  (523. 7') 

f.  Emergency  spillway  elevation  -  525.4'  msl  (529.2' ) 

g.  Embankment  slope,  U/S  -  IV:  3H  (1V.-4.3H) 

h.  Embankment  slope,  D/S  -  IV: 3H  (1V:3.1H) 

i.  Size  classification  -  Small 


A. 1.3  Zones,  Cutoffs,  Grout  Curtains 

A. 1.3.1  Zones  (Fill  material  given  as  per  Unified 
Classification  System) 

a.  Core  material  -  CL 

b.  Side  slopes  (max.)  -  1V:^H 

c.  U/S  zone  material  -  random  fill 

d.  D/S  zone  (1)  material  -  random  fill 

e.  D/S  zone  (1)  slope  (max.)  -  1V:1.5H 

f.  D/S  zone  (2)  material  -  SP-SC 

A. 1.3.2  Cutoff  Trench  (Filled  as  part  of  core) 

a.  Base  width  -  10' 

b.  Side  slopes  -  IV: 2H 

c.  Bottom  elevation  -  486'  msl  (approx.) 

A. 1.3. 3  Grout  Curtains  -  None 


A. 2  Reservoir  and  Drainage  Area 


A. 2.1  Reservoir  -  (Normal  pool  elevation  524'  msl, 
6'  below  the  effective  crest  of  the  dam.) 

a.  Surface  area  (normal)  -  6.3  acres 

b.  Fetch  -  800' 

c.  Capacity  (normal)  -  63  acre-feet 

d.  Capacity  (top  of  dam)  -  99  acre-feet 

A. 2. 2  Drainage  Area 

a.  Size  -  21  acres 

b.  Maximum  relief  -  80' 

c.  Soil  -  Ruston  (HSG  B) ,  Lexington  (HSG  B) , 

Providence  (HSG  C) 

d.  Cover  -  Medium  density  residential 

e.  Runoff  (PMF)  -  47.6  acre-feet 

f.  Runoff  (P^oo^  ~  8.2  acre-feet 

A. 3  Outlet  Structures 

A. 3.1  Drawdown  Drain  -  (Slide  valve  at  base  of 
service  spillway  riser.) 

a.  Valve  diameter  -  12" 

b.  Invert  elevation  -  513'  msl 

A. 3. 2  Service  Spillway  -  (Skirted  concrete  riser 
connected  to  concrete  pipe  with  concrete  antiseep 
collars. ) 

a.  Inlet  size  (2)  -  1'  x  4' 

b.  Pipe  diameter  -  12" 

c.  Pipe  length  -  150' 

d.  Pipe  slope  -  6%  min. 

e.  Antiseep  collars  (size)  -  8*  x  8' 

f.  Antiseep  collars  (number  &  spacing)  -  5  @  12' 

g.  Capacity  -  15  cfs 

A. 3. 3  Emergency  Spillway  -  (Vegetated  earth 
trapezoidal  channel  curving  around  right  end  of 
dam. ) 

a.  Base  width  -  10' 

b.  Control  section  length  -  30' 

c.  Control  section  elevation  -  529*  msl 

d.  Side  slopes  -  1V:3H 

e .  Maximum  head  -  1 ' 

f.  Capacity  design  -  37.2  cfs 


The  existing  spillway  is  a  bare  earth  triangular 
channel  with  the  following  dimensions: 

g.  Elevation  -  529.2*  msl 

h.  Maximum  head  -  .6* 

i.  Top  width  -  15' 

j.  Capacity  -  8  cfs 

A. 4  Historical  Data 

A. 4.1  Construct ion  Date  -  1976 

A. 4. 2  Designer  -  Ragon  Engineering  Company 

Bolivar,  Tennessee 

A. 4.3  Soil  Testing  -  Construction  Materials  Lab,  Inc. 

Jackson ,  Tennessee 

A. 4.4  Builder  -  S  &  W  Construction  Company 

Memphis ,  Tennessee 

A. 4. 5  Developer  -  Terra  Aqua  Corporation 

A. 4. 6  Owner  -  Candlewood  Lakes  Property  Owner's 
Asso. ,  W.  T.  Arnold,  President 

A. 4. 7  Previous  Inspections  -  February  1979 

A. 4. 8  Seismic  Zone  -  2 

A. 5  Downstream  Hazard  Data 

A. 5.1  Downstream  Hazard  Potential  Classification 

a.  Corps  of  Engineers  -  High 

b.  State  of  Tennessee  -  1 

A. 5. 2  Persons  in  Probable  Flood  Path  -  Undetermined 
(D/S  area  being  developed  into  residential  lots.) 

A. 5. 3  Downstream  Property  -  Residential  lots; 

Hwy  57;  main  line  Southern  Railroad 


A. 5.4  Warning  Systems  -  None 
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appendix  c 

PHOTOGRAPHIC  RECORD 


Photographic  Record 


Photo  No.  1  -  The  upstream  slope  of  the  dam  from  the  left 
abutment. 

Photo  No.  2  -  Erosion  occurring  near  the  water  surface 
on  the  upstream  slope. 

Photo  No.  3  -  The  service  spillway  riser. 

Photo  No.  4  -  The  outlets  of  the  service  spillways  and 
toe  drains. 

Photo  No.  5  -  A  discontinuity  on  the  downstream  slope  near 
the  toe  and  slightly  to  the  right  of  the  service  spillway 
outlet.  The  feature  was  apparently  produced  by  earth 
moving  equipment. 

Photo  No.  6  -  A  closeup  view  of  the  feature  in  photo  no.  5 
showing  the  layering  of  soil  in  the  embankment. 

Photo  Nos.  7  s  8  -  Holes  on  the  downstream  slope  due  to 
erosion  and/or  dispersive  clays. 

Photo  Nos.  9  &  10  -  A  seep  or  spring  on  the  right  embankment 
abutment  contact  starting  about  one  foot  below  the  pool 
elevation. 

Photo  Nos.  11  &  12  -  The  emergency  spillway  channel  showing 
the  sparse  vegetation  and  excessive  erosion  of  the  side 
slopes. 


PHOTO  N  0  .12 


Check  List 

Visual  Inspection  of  Earth  Da as 
Department  of  Conservation 
Division  of  Water  Resources 


George  Moore  -  TUUR 
Anthony  Privett  -  TDl'R 


I .  Dabankment 
A.  Crest 

Description  (1st  inspection)  Straight  alignment; 

norch-sout1'  orientation. 


Longitudinal  Alignment 

n.i' . 

■#  - - - - — - - - —  ■  — 

Longitudinal  Surface  Cracks  _ 

•  ’one 

Transverse  Surface  Cracks  _ 

'lono 

4.  General  Condition  of  Surface 


5.  Miscellaneous  Crest  Is  ciiverpil  h”  59^  crass  with 
little  other  cover. 


S.  Upstream  Slope 

1.  Undesirable  Growth  or  Debris 


entire  <? nr  should  ho  roprassen. 


2.  Sloughing,  Subsidence,  or  Depressions 


TIon  e 


3e  Slope  Plrotection  .lone  apparent,  only  sa^o  brush; 
some  minor  erosion  at  water  surface. 


s.  Condition  of  Riprap 


b.  Durability  of  Individual  Stones 


c.  Adequacy  of  Slope  Protection  Against  Waves 
and  Runoff  O.K.  at  rrespnt  tine. _ 


d.  Gradation  of  Slope  Protection  -  Localized  Areas 
of  Pine  Material  '±[± _ 


4.  Surface  Cracks 


None 


C.  Downstream  Slope 

1.  Undesirable  Growth  or  Debris  Snr-c  pmss  cover,  or»,y 

need  a  nore  protective  cover  . _ ___ 


2 


2*  Sloughing,  Subsidence,  or  Depressions;  Abnormal 

Bulges  or  Non-Uniformity  Sono  holes  aH  co]  lapsed 

l'  o  1  «  s  ;  shallow,  nereral1^  loss  t  h  an  1 1  tleop.  t.fha  t 

appears  to  bo  a  cot  a  r  n  a  is  located  .1  us  t  above  t .  ’  °  spil 
TTfnor- s  f o uft"1,  ir,  ocelli’? at  t.e  erjee  or  t^.e  cre^l . 

3*  Surface  Cracks  on  Pace  of  Slope _ _ _ 

None 


4.  Surface  Cracks  or  Evidence  of  Heaving  at 
Embankment  Toe  onp _ 


Vet  or  Saturated  Areas  or  Other  Evidence  of  Seepage 
on  ?ace  of  Slope;  Evidence  of  "Piping"  or  "Boils" 

'  I  o  n  p 


6.  Drainage  System 


?.  Pill  Contact  with  Outlet  Structure 


8.  Condition  of  Grass  Slope  Protection  1'00r  a1  t’'our h 


erosion  is  nininal 


D.  Abutments 


1.  Erosion  of  Contact  of  Embankment  with  Abutment  from 
Surface  Water  Runoff,  Upstream  or  Downstream  _ 


2*  Springs  or  Indications  of  Seepage  Along  Contact  of 
Embankment  with  the  Abutments  See  heiovr. 


3.  Springs  or  Indications  of  Seepage  in  Areas  a  Short 
Distance  Downstream  of  Embankment  -  Abutment  Tie-in 

'lone 


Hig^t  embankment  abutment  tie  in  is  wot.  Pon1  r1  not  ho 
surface  runoff.  The  wet  area  begins  about  1  foot  ’e 1 o r 
the  normal  nool  elevation*  flow  ir>  clear.  There 

is  little  wetland  vegetation  in  t « '  c  area.  T h  e  *  *  e  t  area 
is  possibly  due  to  spring  f  l  ow  although  t'^  energerev 
s  p  1  1 1 1  *  a  v  s 1 !  o  u  1  •'  have  interested  any  g  r  o  u  n  d  water  flow. 
The  flow  passes  a  1  o r a  t''n  toe  to  t 1  e  o it 1 1  e  +  charnel, 

is  slight  (loss  thee  1  r>np>  m  t  definite.  The  a  r '  a 
should  be  re  in  spirted  in  drvnr  weather. 
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II.  Area  Downstream  of  fiebankment,  Including  Channel 

A.  Localised  Subsidence,  Depressions,  Sinkholes,  Etc. 

J  O  n  O  _  _ 


B.  Evidence  of  "Piping",  "Boil6",  or  "Seepage" 

'?  O  n  P 


C.  Unusual  Presence  of  Lush  Growth,  such  as  Swamp 
Grass,  etc.  :orp _ _ _ 


D.  Unusual  Muddy  Water  in  Downstream  Channel 

* T  o  r  o 


E.  Sloughing  or  Erosion 


?.  Surface  Cracks  or  Evidence  of  Heaving  Beyond 
Embankment  Toe  r>’^ 


G.  Stability  of  Channel  Sideslopes 


H.  Condition  of  Channel  Slope  ft?otection 


* 


I*  Adequacy  o f  Slop*  Protection  Against  Waves ,  Currents, 
and  Surface  Runoff _ o .  r. . _ 

J  •  Miscellaneous  n/a 

X*  Condition  of  Relief  Wells,  Drains,  and  Other 
Appurtenances  '•7  a 

L.  Unusual  Increase  or  Decrease  in  Discharge  from 

Relief  Wells  "jA _ 


'll 


Piezometers 


None 


IV.  Spillways 

A.  Service  Spillway  (Service/finergency  Combination  Yes  _ So 

!•  Intake  Structure  Condition  o.ic«:  observed  fron 


2.  Outlet  Structure  Condition _  Coofi;  concrete 

culvert  pipe;  deserved  from  outlet. 


3.  Pipe  Condition  Good;  pr.d  cMopr^i. 


4.  Evidence  of  Leakage  or  Piping 


3*  General  Eemarks 


B&ergency  Spillway 

1.  General  Condition 

.'To  c  o v p  r 

' 

2.  Entrance  Channel 

Hone  sil  tat  ion  ocnirr'  nr. 

3.  Control  Section 

Moderate  to  severe  all  tat1*  on; 

will  even t flu! 1 v 

raise  crest  of  spill wav  to  crest 

of  A a n • 

6 


3#  Exit  Channel  _ Moderate  erosion  occurring;  not 

v?  e  1 1  defined# 


Vegetative/Voody  Cover 


5.  Other  Observation*  Rinht  spillway  hanv  is  not 

stabilized  and  i^  erodin'* 


into  the  channel 


Emergency  Drawdown  Facilities  (if  part  of  service  spillway 

SO  State)  Part  of  service  spillway. 


Are  Facilities  Operable:  Yes _  Ko  rn! noun 

Were  Facilities  Operated  During  Inspection:  Yes  _  Ko 

Date  Facilities  Were  Last  tfsed _ rn’nown _ 
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VI. 


VII. 


Reservoir 

A.  Slopes  _ Tbe  slopes  in  none  areas  are  alnost  vertical 

_ but  apnea r  stable.  _ 


S.  Sedimentation  ?f*ror 


♦ 


C.  Turbidity  ninnr,  r.rnyl  r.b  r.renn;  °  *  vIsi’iMty. 


Drainage  Area 

Description  (for  hydrologic  analysis) 


rnsidcT^ti 


\?  1 1  ’i  vroot’oH  lots 


VIII. 


Downstream  Ant  (Stream) 

A.  Condition  (obstructions ,  debris,  etc.)  o.k. 


B.  Slopes 


C.  Approximate  No.  Homes,  Population,  and  Distance  D/S 

Area  innediately  D/S  of  d  ar  is  bein'*  developer1 
for  residential  lots. 


D%  Other  Htztrds  "wv  22.  a n (*  na  1  n  line  Sontl^^rn  H a,j_l  r 
about  «  5  riles  D/g, 


rone 


OHIO  RIVER  DIVISION,  NASHVILLE  DISTRICT 
SOIL  TEST  DATA  SUMMARY 


(►■OJtCT  C/<ZS7Z£  ,Z/l  /?/)/-} MOLE  /  CLEV.  TOP  - SHEET - L — OF_Z _ SHEETS 
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APPENDIX  E 

HYDRAULIC  AND  HYDROLOGIC  DATA 


Hydraulic  and  Hydrologic  Calculations 


Crystal  Lake  Dam  is  located  in  Hardeman  County,  Tennessee. 
The  primary  land  use  is  medium  density  residential 
development  with  about  30%  of  the  area  under  water.  The 
predominant  soil  types  are  Ruston  (HSG  B) ,  Lexington 
(HSG  B) ,  and  Providence  (HSG  C) .  The  runoff  curve  number 
was  calculated  to  be  84  AMC  II. 

The  Crystal  Lake  Dam  is  a  small  size,  high  hazard 
potential  dam.  As  such,  it  is  required  to  pass  the 
S  Probable  Maximum  Flood  (>s  PMF) .  The  PMF  is  derived 
from  the  Probable  Maximum  Precipitation.  Using  the  U.  S. 
Weather  Service  TP-40,  the  6-hour  PMP  was  estimated  to 
be  29.7  inches  yielding  27.5  inches  of  runoff  during  the 
PMF  and  13.8  inches  during  the  >s  PMF. 

The  total  inflow  into  the  reservoir  during  the  PMF  is 
about  20.8  acre-feet  with  a  peak  rate  of  251  cfs.  Crystal 
Lake  has  a  maximum  storage  above  normal  pool  of  36  acre- 
feet  and  maximum  spillway  discharge  rate  of  23  cfs.  The 
impoundment  is  sufficient  to  pass  the  h  PMF  with  no  flow 
in  the  emergency  spillway.  The  PMF  overtops  the  dam  by 
about  0.1  feet. 

Routing  of  a  1-10  day,  100-year  storm  indicated  that  the 
storm  would  pass  with  no  flow  in  the  emergercy  spillway. 

The  inflow  hydrograph  was  calculated  by  methods  contained 
in  Chapter  21,  Section  4,  of  the  SCS  National  Engineering 
Handbook.  Hydraulic  calculations  were  performed  in 
accordance  with  King  &  Braters'  Handbook  of  Hydraulics, 

The  routings  were  taken  from  NEH-4,  Chapter  17.  Equation 
17-11  was  rearranged  to  the  following  forms 
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appendix  p 
CORRESPONDENCE 


INSPECTION  REPORT 


Name  of  Dam:  Crystal _ 

Owner's  Name :  _ 

Type  Project: 

Existing  _ X_ 

New  Construction  _ 

Repair/Alteration  _ 

Removal  _ 

Type  Inspection: 

Phase  I  _ 

Phase  II  _ 

Certificate  _ 

Cursory  _ 

Preliminary  Site  _ 

Review 

Damage  Potential  Category :One  £  Two  _  Three  _  Undetermined  _ 

Inspection  by:  George  Moore  and  Troy  Wedekind _ 

Inspection  Results: 

_ Several  holes,  apparently  due  to  subsurface  erosion,  were _ 

_ ohserved  in  an  area  along  the  D/S  slope  and  about  30  to  50  feet 

_ either  side  of  the  service  spillway.  The  holes  are  of  a _ 

configuration  normally  associated  with  dispersive  clay.  Further 
evaluation,  including  dispersive  clay  tests,  should  be 

_ performed  to  determine  the  cause  and  possible  solutions  to  this 

problem.  Several  areas  along  the  U/S  face  near  the  water  surface 
have  eroded  and  should  he  repaired.  A  large  erosion  gully  is 
in  the  emergency  spillway.  This  should  be  repaired  and  the  area 
reseeded.  A  possible  wet  area  along  the  right  abutment  about 
3'  below  the  water  surface  should  be  reinspected  during  dry 
weather  to  determine  if  it  could  be  seepage  or  leakage.  A  large 


County:  Hardeman 

Quad :  432SE 

Application  No.  _ 


Phase  I  Reconnaissance 


•I 

i 


INSPECTION  REPORT  (cont.) 

area  on  both  sides  of  the  service  spillway  outlet  has  eroded 

and  need  to  be  repaired.  Leakage  was  apparently  coining _ 

from  the  last  section  of  conduit.  Repair  and  evaluation 
of  the  conduit  should  be  made  to  insure  its  integrity.  This 
report  is  accompanied  by  photos. _ _ 


Photographic  Log 


Photo  No.  1  -  Erosion  gully  in  inlet  of  emergency  spillway. 

Photo  No.  2  -  Possible  wet  area  right  abutment  about  3  feet 
below  water  surface. 

Photo  No.  3  -  Erosion  on  upstream  face  near  left  abutment 
at  the  water  surface. 

Photo  No.  4  -  Erosion  pit  on  downstream  slope. 

Photo  No.  5  -  Looking  down  downstream  slope  toward  service 
spillway  outlet. 

Photo  No.  6  -  Erosion  pits  on  downstream  slope. 
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CANDLEWOOD  LAKES  PROPERTY 


OWNERS  ASSOC., INC. 

P.a  BOX  171X21 

imiraia,m«xii7 

Deceab.r  31,  1980 


Mr.  Robert  A.  Hunt,  Director 
Division  of  Water  Resources 
Tennessee  Departnent  of  Conservation 
4721  Trousdale  Drive 
Nashville,  Tennessee  37219 


>  L  c  r 


r.-rHVHD 

w  - 


r.  -■ 


'  *  U;jv  USOvjRCtS 


Rc“EIV'E0  xvi 


Re:  Dams  at  Candlewood  Lake,  Spring  Lake  #2,  Crystal  Lake  #4  and 
Old  Hickory  Lake  located  in  Hardeman  County 


Dear  Mr,  Hunt; 


Your  letter  of  December  1,  1980  to  Candlewood  Lakes  lnc.f  has 
been  forwarded  to  us. 

As  of  January  1,  1979,  the  ownership  of  the  above  mentioned  dams 
was  transferred  to  Candlevood  Lakes  Property  Owners  Association. 

We  were  not  aware  of  the  State  Safe  Dams  Act,  but  we  will  be 
glad  to  cooperate  with  you  in  any  way  possible  to  keep  the  dams 
safe. 


Please  direct  all  future  correspondence  to  Candlewood  Lak  ~ 
Property  Owners  Association,  P.0.  Box  171321,  Memphis,  Tennessee 
38117.  The  phone  number  is  901-685*6968. 


Sincerely, 


W.  J.  Arnold,  President 

Candlewood  Lakes  Property  Owners  Assn. 
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RAGON  ENGINEERING  COMPANY 

consulting  engineers 
Til  west  market  st. 

P.  O.  B*l  1  *1 

BOLIVAR.  TENNESSEE  38006 

December  7,  1976  don  r.  moors,  esc*,  eit 

******  **•  RAGON.  P.  E.  EDMOND  B.  O'NEILL  BSHE 

BOBBY  L.  TULLEY.  RSAET 


Mr.  Robert  A.  Hunt 

Tennessee  Department  of  Conservation 
Division  of  Water  Resources 
6213  Charlotte  Ave. 

Nashville,  Tennessee  37209 

Re:  Candlewood  Subdivision 

Crystal  Lake  (Lake  #4) 

Dear  Mr.  Hunt: 

The  construction  of  Crystal  Lake  (Lake  #4)  has  been  completed 
in  substantial  conformity  with  the  approved  plans  and  specifications 
as  prepared  by  Ragon  Engineering  Company. 


Yours  truly. 


JHR/ct 
Enc . 

cc:  Mr.  Edmond  B.  O'Neill 

Regional  Engineer 


S  &  W  Construction  Co 
Memphis,  Tennessee 


NON-FEDERAL  DAM  INSPECTION  REVIEW  BOARD 
PO  BOX  1070 

NASHVILLE ,  TENNESSEE  37202 


ORNED-G 


Commander,  Nashville  District 
US  Army,  Corps  of  Engineers 
PO  Box  1070 
Nashville,  TN  37202 


1#  The  Interagency  Review  Board,  appointed  by  the  Commander  on  8  October  1980, 
presents  the  following  recommendations  after  meeting  on  18  June  1981  to  consider 
the  Phase  I  investigation  report  on  Crystal  Lake  Dam  inspected  by  the  Tennessee 
Department  of  Conservation. 

2.  The  owner  should  establish  a  regular  program  of  inspection  and  maintenance 
to  provide  detection  and  timely  correction  of  problem  areas. 

3.  An  emergency  action  plan  should  be  developed,  including  a  warning  system  to 
alert  downstream  residents,  in  the  event  a  serious  condition  develops  with  the 
project. 


4*  Flood  routings  using  Antecedent  Moisture  Condition  III  should  also  be  com¬ 
puted  and  included  in  the  report. 


5.  T he  Board  is  in  agreement  with  other  report  conclusions  and  recommendations 
folLrfwing  minor  Tensions. 


1ERMAN  GRAY 
Chief,  Design  Branch 
Cernkte  Chairman 


(OBERT  A.  HUNT 
Director,  Division  of  Water 
Resources 

State  of  Tennessee 


Ad- 


EDWARD  B.  BOYD 
Hydrologic  Technician 
Alternate,  US  Geological  Survey 


ip 


BOBBY  G*d MOORE 
Assistant  State  Conservation  Engineer 
Alternate,  Soil  Conservation  Service 

— jko moA  A  Pdvfer- _ 

THOMAS  N.  PORTER 
Hydraulic  Engineer 
Air  »:nate.  Hydrology  and 
Hydraulics  branch 


TIMOTHY  Mc&JeSKEY  Tj 

Chief,  Instrumentation  and 
Inspection  Section 
Alternate,  Geotechnical  Branch 


APPENDIX  G 

DESIGN  AND  CONSTRUCTION  DATA 


L  *iB<? 


n. 

<UVL_ 


Contractor. 


ANALYSES  OF  MOISTURE  DENSITY  TEST  OF  COMPACTED  FILL 
S  &  W  Construction  Company  D„.„,  CANDUVOOD  _(CYItSTAL  LAKE) 


Project 


SAW  Construction^)  |  Rafton  Engineering  Kny  24 ,  1076 

Report  to _ _  Oate _ 1 _ : _ _ 


Lab  No 


30512 


Tost  No, 

1 

2 

3 

4 

* 

- 

Density  of  Sand 
(ibs./cj  ft.) 

98.0 

98.0 

98.0 

Wgt  of  J ir  &  Sand 
(before  test) 

7  •  V>' 

7.  Mi 

7.  <*9 

7.80 

Wgt  of  J.u  &  Sand 
(after  list) 

3.55 

3.62 

3. 80 

3.74 

Wgt.  of  Sand 
m  Hole  &  Funnel 

4.23 

4.19 

4.09 

4.06 

1 

i 

Wgt.  of  Sand 
in  Funnel 

1.98 

1.98 

1.98 

1.98 

I 

i 

Wgt  of  Sand 
in  Hole 

O  Oft 

*■  •  -7 

2.21 

2.11 

2.08 

1 

1 

■  -  4 

*  Voli/Tfte  cf  Hole 
(cu.  ft.) 

.0230 

.0226 

.0215 

.0212 

i 

.  j 

i 

Wgt  of  Wet 

Soil 

2.91 

3.15 

3.03 

3.09 

Wgt  of  Dry 

Soil 

2.53 

2.73 

2.69 

2.74 

Wgt.  of  Water 

.38 

.42 

.34 

•  35 

1 

Moisture  Content 
(%  of  Dry  Wgt.) 

15.0 

15.4 

12.6 

12.8 

Density.  Dry  Soil 
(Ibs./cu.  ft.) 

110.0 

120.8 

125.1 

1 

129.2 

%  Required  Density 

95.6 

104.9 

103.8 

107.2 

Required  Density 
(lbs  /cu.  It.) 

115.1 

115.1 

120.3 

120.5 

Optimum  Moisture 
(%  Of  Dry  Wgt.) 

14.6 

14.6 

11.2 

11.2 

Stone.  %  by  Wgt. 

Location  of  Tests 


1 

2 

3 

4 


At  Station  2+20  25'  S. 
At  Station  3+00  15'  S. 
At  Station  2+50  30'  V. 
At  Station  2+50  45'  8. 


off  Center  of  Dam  Elevation  503.5 
off  Center  of  0am  Elevation  503,5 
off  Center  of  Dam  Elevation  503.5 
off  Center  of  Dam  Elevation  503.5 


40  OLD  HICKORY  COVE 


mi  ADD3ISS 

construct.1;'.' 1  las,  inc. 

<1  ■  .  ;  SOUAHc 

JACKso;:. >  33301 


(901)  668-7274 


Contractor 
Report  to  _ 


ANALYSES  OF  MOISTURE  DENSITY  TEST  OF  COMPACTED  FILL 

S  h  V  Construction _  Project  LAKES  (CTfYSTAL  LAKE) 

S  &  V  Construct ioa(2)j  JUtr;en  FAfli nee ring  Oa(0  July  ;•'/*  1976 


Lab  No 


31133 


Test  No. 

1 

n 

3 

4 

Density  of  S«»nd 
(lbs  /cu  ft  ) 

98.0 

98.0 

90.0 

98.0 

Wgl  of  J  ir  ^  Sand 
(before-  test) 

7.00 

7.06 

7.32 

7.g2 

Wgt  of  Jji  &  Sand 
(after  test) 

3.79 

3.47 

>02 

3.44 

Wgt  of  Sand 
in  Holt  &  Funnel 

4.01 

4.19 

4.20 

4.38 

Wgt  of  Sand 
in  Funnel 

1.68 

i.6e 

1.68 

1.68 

Wgt  of  Sand 
in  Hole 

2.33 

2.31 

2.52 

O 

« 

Cl 

Volume  cf  Hole 
(cu.  ft.) 

.023d 

.0236 

.0257 

.0276 

% 

Wgt.  of  Wet 

Soil 

2.96 

3.47 

3.40 

3.41 

— i 

Wgt  of  Dry 

Soil 

2.44 

2.95 

2.83 

2.98 

Wgt.  of  Water 

.52 

.52 

.57 

.43 

Moisture  Content 
(%  of  Dry  Wgt.) 

21.3 

17.6 

20.1 

14.4 

Density,  Dry  Soil 
(Ibs./cu.  ft.) 

102.3 

115.2 

110.1 

108.0 

%  Required  Density 

91.1 

102.4 

97.9 

96.0 

Required  Density 
(Ibs./cu.  ft.) 

112.3 

112.5 

112.5 

112.3 

Optimum  Moisture 
(%  0 »  Dry  Wgt.) 

14.6 

14.6 

14.6 

14.6 

Stone,  %  by  Wgt. 

Location  of  Tests 


1  Centerline  of  Crystal  Lake  Dam,  Sta.  4+00— -IS1  Belov  Grade 

2  E.  Side  of  Eu»,  sto*  4+00— 13f  Bc'ov  Grade 

3  Centerline  of  Dou0  20*  liolov  Grade—  St*.  2+00 

4  V.  Side  of  Da,  209  Belov  Grade -St*.  2+00 


40  0L0  HICKORY  COVE  JACKSON*  TENNESSEE  36301 

(901 1 666-7274 


Contractor^ 
Report  tc  __ 


/T" 


ANALYSES  OF  MOISTURE  DENSITY  TEST  OF  COMPACTED  FILL 

((  I-  vr  ,  r  A  L-) 

.  i .In.  .  ... —  Project  c.  . .  . . . 


<  no nr i n 


Lab  No 


Test  No. 

Density  cf  Sand 
(lbs  /cj  tt  ) 

Wgt  of  Jar  &  Sand 
(before  test) 

Wg t  of  Jar  &  Sand 
(after  tost) 

Wgt  of  Sand 
m  Holt  &  Funnel 

Wgt  of  Sand 
m  Funnel 

Wgt  of  Sand 
in  Hole 

.  Volume  cf  Hole 
(cu  ft ) 


Wot  of  Wet 
Soil 

Wgt  Of  Dry 
Soil 


Wgt  of  Water 

Mo«sture  Content 
(%  of  Dry  Wgt.) 

Density,  Dry  Soil 
(lbs  /cu.  ft  ) 


%  Required  Density 

Required  Density 
(lbs  /cu  ft  ) 

Optimum  Moisture 
(%  Of  Dry  Wgt  ) 


Stone,  %  by  Wgt. 
Location  of  Tests 


Xn  * «  4  - 

;2.u  - 
..112.i1 
JA.  u 


I - 

g6.u  - 

- 

V..0 


_T. 0  . 
7.00  - 
3.07 . 
3,03  . 

l,*j 

JMO 

,0-jjv 

2  77 
2.3i 
*46  - 

f  •  T 

g0.4 
112. u 
14.6  - 


112.0 

14.0 


i 

J 

_ _  J 

.4 

.  t 

t 

I 

J 

1 

I  : 

!  1 

1 

t 

1  At  otatioa  \-r*/3~3gl  ••  w.f  oi  dry. .--lx*  Lei*v 

2  i.o-c'ifCn  4*60 — cent  or  line  of  dam 

3  At  Station  oft  center  of  du^:>--13,  Lol  >\. 

4  At  Station  2+52* -25*  •  •  •  neuter  of  duu; — 1}*  Ldov  ;,'.uio 


pp?  »OTrv 


40  old  hickory  cove 


jackson;  Tennessee  30301 


(901)660-7274 


P I  i  W  t  t  ll  ‘ifvi'Ludt 


AH-A108  248 


UNCLASSIFIED 


TENNESSEE  STATE  OCPT  Of  CONSERVATION  NASHVILLE  DIV  0— ETC  F/G  13/ M 
NATIONAL  PROORAM  Of  INSPECTION  Of  NON-fEOERAL  DANS,  TFNNESSEF.  --ETC(U) 
SEP  81  0  £  MOORE  DACW6?-81-C-6ft56 

-  NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BURtAU  OF  STANDARDS-  I963-As 


ANALYSES  OF  MOISTURE  DENSITY  TEST  OF  COMPACTED  FILL 


Report  to 


:i ■*  i  tirori n  ; 


Tost  No. 

Density  c*t  Sand 
(lbs  /cj  tt  ) 

Wgt  o?  J.if  &  Sand 
(before  test) 

Wgt  »  f  on  &  SanJ 
(after  t^st) 

Wgt  of  Sand 
in  Hole  &  Funnel 

Wgt  of  Sand 
in  Funnel 

Wgt  of  Sand 
in  Hole 

.  Volueae  cf  Hole 
(cu  ft.) 


Wot  of  Wet 
Soil 

Wgt  of  Dry 
Soil 


Wgt  of  Water 

Moisture  Content 
(%  of  Dry  Wgt.) 

Density,  Dry  Soil 
(lbs  /cu.  ft.) 


%  Required  Density 

Required  Density 
(ibs./cu.  ft.) 

Optimum  Moisture 
(%  of  Dry  Wgt.) 

Stone,  %  by  Wgt. 


Location  of  Tests 


Project 


Lab  No 


(CflV.'.TAL) 


-  9*i.o 


-  / - 


—  |  — -9*^  * 


— j 


3-70 


•  - |  — 


-tf-vt — 


--.71 - 


7.49 - j  — :r, 


--17. 1 


11-.“ - — Ti.V 


6.9 - ( — 15.8 - 1 


77- Y -  -KJti.l- 


117.0 — 


V)».  0 


-iir.O- 


108.7“ — — HO;4 — 1 


— 112; 


— 14. "6' 


— 16.1 


Kc-chcck  nt  Station  4k>0--50'  I),  off  center  of  dnn— 11*  bolow  ^rnde 
iwi-cl.ocL  at  Station  2+52—23'  W.  off  center  of  dnn— 15*  beiov  yrau« 
At  station  2+30—10'  "If  center  of  dun— 5*  bolow  +>'fido 

At  station  2+95—12'  off  center  of  dan— 9'  below  +ritdc 

At  2Lati'~  3+60— in  center  of  Unm— 9*  balow  grade 
At  Station  4+10—10'  V,  off  canter  of  dan— 9'  below  grade  ,r... 
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ANALYSES  OF  MOISTURE  OCNSITY  TEST  OF  COMPACTED  FILL 

Contractor  111  Con»truct>ou  _  Project  CAKmJVOOD  LAKK8 

Report  to  B  w  Conutruciiou  (2)1  liAc*n  lla(iii*«rlng(t(  Auj;uMt  10,  1976 

31207 


'  Tort  Wo. 

Density  of  Sand 
(lbs  /cj  II.) 

Wgt  of  J jr  A  Sand 
(before  test) 

Wgt  of  J.ir  A  Sand 
(after  test) 

Wgt  of  Sand 
in  Holt  A  Funnel 

Wgt  of  Sand 
•n  Funnol 

Wgt  of  Sand 
m  Hole 

.Volume  cl  Hole 

’  (cu  ft.) 


~1 _ ~ 

9<».0 

7.61 

3.68 

4.13 

J.83 

2.30 

.0233 


3 

98.0_ 

_7.02_ 

3.80_ 

4.02 

_1.83 

_2.19 

.0223 


Lob.  No. 

1  ~c 

_  98.0 

_  7.72 

3.70 


•  0223 _ .OI99 


Wot  ol  Wet 

Son _ _ 3.00 _ 3.00 _ 2.95 _ 3.00__ 

Wgt.  ol  Dry 

Soil _ 2.63 _ 2.57 _ 2.53 _  2.61 

Wgt  ol  Water _ _.37 _ .43 _ .42 _ .39 

Moisture  Content 

_  1%  o»  Dry  Wfll.) _ 14.J _ 16/7 _ 16.6 _ 14.9 

Density.  Dry  Soil 

(Ib>/cu  It.) _ 111.9  m.7  113.5  117.0 

%  Required  Penalty  _  97.2 _ 97.0 _ 96.6  101  .J 

Required  Density 

_  OosVcu  it  > _ 113.1  115.1  115.1  115,1 

Optimum  Moisture 

(N  ol  Dry  Wgt.) _ 14.6  •  14.6 _  14.6  14.6 

Stone,  %  by  Wgt _  _  _ _ 

Location  of  Tesla 

at  Sto.  l+50t  25*  K»  off  center  of  boo— 15*  Dclov  Grade 
at  Sto#  1*iC0(  Jn  Center  ol  jhj.p—151  Ddov  (irario 
Kochcck  at  Sta.  2+30,  10*  L,  o tt  Ceator  of  Le»— 9'  lielav  Grade 

4  At  Sta.  2*73,  la  Center  ef  Do®— 6*  Dolov  Grade 

5  At  SU.  >16,  10*  E.  elf  Ceater  ef  Do®— 6*  Delev  Grade 

•  '  i'.V 

cc:.c:r* . rr-vsiAB,  inc. 


rr 

wWl  »\#  .  . 
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ANALYSES  OF  MOISTURE  DENSITY  TEST  OF  COMPACTED  FILL 


ConltocUt  s  a  W  Construction  Colony 


Project  CAZmJMm  LAKES  (ClflfSTAL  LAKE) 


Report  tc 


$  AW  Conet ruction  Co* 


(2)|  falcon  lung* 


Dai, _ .  ’  .11. t  ia.  1976 

U.  NO  W* 


Toil  No. 

1 

-  -  a 

3 

4 

Density  of  Sand 
(tbs  /ca  ft.) 

•>;m> 

00. 0 

98.0 

9S.0 

Wgt  of  Jar  &  Sand 
(before  test) 

7.91 

7.77 

7.87 

7.87 

Wgt  of  Jar  &  Sand 
(after  tost) 

4.13 

3.85 

3*85 

3.&0 

Wgt  of  Sand 
in  Hole  &  Funnel 

3.70 

3.92 

4.02 

3.03 

Wgt.  of  Sand 
in  Funnol 

1.83 

1.83 

1.83 

1.63 

Wgt  of  Sand 
in  Hole 

2.0'J 

2.10 

2.15 

,Voiurf*e  cf  Hole 
(cu.  ft.) 

•OV)') 

.0213 

.0223 

.0219 

Wgt.  of  Wet 

Soil 

2.67 

2.90 

2.96 

2.94 

Wgt.  of  Dry 

Soil  1 

2.27 

2.48 

2.51 

2.53 

Wgt.  of  Water 

.40 

.42 

_._45  _ 

.41 

Moisture  Content 
(%  of  Dry  Wgt.) 

17.6 

16.9 

_17.9 _ 

16.2 

Density,  Dry  Soil 
(ibs./cu.  ft.) 

114.1 

116.4 

112.6 

115.5 _ 

%  Required  Density 

00.1 

101.1 

97.8 

J00.3  _ 

Required  Density 
(ibs./cu.  ft.) 

110.1 

115.1 

113*1 

115.1 

Optimum  Moisture 
(%  0 1  Dry  Wgt.) 

14.6 

14.6 

14.6 

14.6 

Stone,  %  by  Wgt. 

.***■»•  e.  *  -  ♦*  •  - 


Location  of  Testa 


1  At  Sta. 

2  At 

3  At  St*. 

4  At  St*. 


1-00,  20»  ]■:.  off  center  of  Dwa—IQ*  Belov  Grade 
1*G5»  lu  center  ©*  lit*  Lclov  Grade 

0*9<>*  15*  L.  *ff  Center  of  Don— 12*  Delew  Grade 
0*60,  13*  V.,  e/f  Center  *f  Pms-12*  Below  Grade 
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ANALYSES  OF  MOISTURE  DENSITY  TEST  OF  COMPACTED  FILL 


S  &  V  Construction 


Contractor  s  *  v  Construction _  Project  CAKDLLVOOD  LAKES  (CTRSTAL  jJLKE) 

Repon  to  S  &  V  Constructional  Ibigon  Engineering  n»t<»  AngUMt  13,  1976 _ 

i *h  ma  31334 


Test  No. 

Density  of  Sand 
(lbs  /cj  ft.) 

Wgt.  of  Jar  &  Sand 
(before  test) 

Wgt  of  Jar  &  Sand 
(after  fast) 

Wgt  of  Sand 
m  Hole  &  Funnel 

Wgt.  of  Sand 
in  Funnel 

Wgt.  of  Sand 
in  Hole 

.Volume  cf  Hole 
feu.  ft.) 


Wgt.  of  Wet 
Soil 

Wgt  of  Dry 
Soil 


Wgt.  of  Water 

Moisture  Content 
(%  of  Dry  Wgt.) 

Density,  Dry  Soil 
(Ibs./cu.  It.) 


%  Required  Oensity 

Required  Density 
(ibs./cu.  ft.) 

Optimum  Moisture 
(%  of  Dry  Wgt.) 


Stone,  %  by  Wgt. 
Location  of  Tests 


1 _ 

ya.o 

7.83 
3.74 
4.09 

1.83 
2.26 
.0231 


a 

98.0 
7.77  __ 
3.74 
4.03 
1.83 
2.20 
.0224 


98.0 

_7.03_ 

3.9a 

3»96_ 

1.83 

2.13 

.0217 


Lsb.  No._rli 

"I  4 

_  98,0  _ 

_  7,75 . 

__  4.03 

3.72 

1.83 

_  1.89 

.0193 


3*17 

3.08 

2.98 

2.66 

2.73 

2.63 

2.64 

2.35 

.44 

.45 

.34 

.31 

16.1 

17.1 

12.9 

13.2 

118.2 

117.4 

121.7 

121.8 

102.7 

102.0 

101.0 

101.1 

113.1 

115.1 

120.5 

120.5 

14.6 

14.6 

11.2 

11.2 

1  Stn.  0+15,  In  Csnisr  of  Dts»  1»  Belov  Grade 

2  Sin.  Or-90,  20*  E.  of f  Center  of  D*»--9«  Lclov  Grudo 

3  SU.  1*10,  20*  V,  off  CttUf  of  Do»— 9*  Dslov  Grodo 

4  SU,  2e00»  la  Coator  of  Dms— 9'  Balov  Grad* 
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ANALYSES  OF  MOISTURE  DENSITY  TEST  OF  COMPACTEO  FILL 


Contractor s  *  v  Conatructlan _ Project  CAWLgyonn  UKK 

Report  tc  S  *  V  Con«tructlon(2)|  Pagoa  Engineering  p„»  17,  1976 


project  CAWLEWOD  UKT.S  (GtYSTAL  Uffi) 

0a„  Amuat  17,  1976 _ 

,..^31365 


1  _ 

96.0 

i7o 

3.59 

4.17 

1.83 

2.34 

.0239 


Tost  Ho. 

Density  of  Sand 
(lbs  /cj  ft.) 

Wgt.  of  Jar  &  Sand 
(before  test) 

Wgt  of  J  ir  &  Sand 
(after  test) 

Wgt  of  Sand 
m  Hole  A  Funnel 

Wgt.  of  Sand 
in  Funnel 

Wgt  of  Sand 
in  Hole 

,  Volume  cf  Hole 
(cu.  ft.) 


Wgt  of  Wet 
Soil 

Wgt.  of  Dry 
Soil 


Wgt  of  Water 

Moisture  Content 
(°/o  of  Dry  Wgt.) 

Density,  Dry  Soil 
(Ibs./cu.  ft.) 

%  Required  Density 

Required  Density 
(lbs  /cu.  ft.) 

Optimum  Moisture 
<%  of  Dry  Wgt.) 

Stone,  %  by  Wgt. 


Location  of  Tests 

1  Sto.  >95,  In  Center  of  Posh  -On  Grade 

2  St*.  2*80,  In  Center  of  Ttr^-On  Grade 

3  St*.  1*65,  In  Center  of  1  ~nn  -  -I'm  Grade 

4  St*.  0*33,  In  Center  of  Pan— fla  Credo 


_ 2_ 

96.0 

7.98 

3.65 

4.03 

1.63 

2.20 

.0224 


96.0 

7.75 

3.68 

3.87 

1.83 

2.04 

.0208 


Lab.  No  ill 
I  4~~ 
96.0 
7.66 
3.59 
4.29 
1.83 
2.46 
.0251 


3.05 

2.82 

2.48  1 

3.00 

2.79 

2.57 

2.50 

2.73 

.26 

.25 

.18 

.27 

*9.3 

9.7 

7.8 

9.9 

116.7 

114.7 

110.6 

108.8 

101.4 

99.7 

96.1 

97.1 

115.1 

115.1 

115.1 

|  112.0 

14.6 

14.6 

14.6 

14.6 

_ 1- 
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